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Abstract 
Over the last few years, there has been a sharp increase of visitors in Macau. The Macau SAR Government has 
decided to upgrade the existing Taipa temporary ferry terminal with extension works into a permanent one in order to 
alleviate congestion at the terminal.  In this paper, a general introduction of the New Ferry Terminal is descried while 
the scope of the extension works and the proposed facilities are also described. Some of the key design features of the 
Terminal Building are discussed, in particular, the Terminal Building, its deep foundations, its reinforced concrete 
structures, its steel roof structures as well as the design and construction of the metal roof systems. 
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1. Introduction 
At present, there are two ferry terminals on the Macau peninsula, namely, the Inner Harbor and the 
Outer Harbor, together with a temporary ferry terminal in Taipa Island which is very near to the Macau 
International Airport as shown in Figure 1.  
Over the last few years, there has been a sharp increase of visitors in Macau. The Macau SAR 
Government has decided to upgrade the existing Taipa temporary ferry terminal with extension works 
into a permanent one in order to alleviate congestion at the terminal. It should be noted that the New 
Taipa Ferry Terminal, shown in Figure 2, is planned to be completed in 2012, and a total of four 400-
passenger berths and three 1200-passenger berths will be constructed. Moreover, there will also be a 
heliport built on the roof of the Terminal.  
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This paper describes some of the key design features of the Terminal Building, in particular, the 
building structure, its deep foundations, its reinforced concrete structures, its steel roof structures as well 
as the design and construction of the metal roof systems. 
Figure 1: Geography of the Taipa Island in Macau SAR 
Figure 2: An image of the New Ferry Terminal Building, Taipa, Macau SAR  
(to be completed in 2012)
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2. The terminal building 
Figure 3 shows the general arrangement of the New Terminal Ferry Building. In additional to the 
existing ferry terminal, two extensions, namely, the West and the North Extensions will be built. The 
dimensions of the West Extension are about 256 x 112 m while those of the East Extension are 360 x 128 
m. Most of the construction works for both Extensions are to be carried out over sea. 
2.1 The facilities 
When completed in 2012, the New Ferry Terminal will provide a total of 16 berths for 400-seat 
passenger ships at the North Extension, three berths for 1,200-seat passenger ships at the West Extension, 
a helideck with 20,000 m2 for 5 helicopters on the roof, as well as 44 passport counters and 24 auto-gates 
for each direction inside the Building. 
2.2 The construction in figures 
The key figures of the construction of the Building are: 
x a foot print of 150,000 m2 on reinforced concrete platform over sea; 
x a construction floor area of 185,000 m2;
x 1,050 bored piles; 
x 3,845 prestressed high strength concrete piles; 
x 136,600 m3 of concrete; 
x 24,000 ton of rebars; 
Figure 3: General plan of the existing Building, the West and the North Extensions 
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x 5,400 ton of structural steel; 
x 85,000 m2 of metal roof. 
2.3 Deep foundations 
Bored piles of diameters 1.0 and 1.2 m are employed in the foundation of the Building while 
prestressed high strength concrete piles are employed in the construction of the platforms of the Building 
in order to enhance its overall stability. It should be noted that owing to a deep seabed, the depths of the 
piles range typically from 30 to 60 m. All the bored piles are designed to be rock socketed with their load 
carrying capacities ranging from 4000 to 7000 kN.  Moreover, all the piles are built over the sea on a 
temporary platform as shown in Figure 4 while punching chisels are employed during the construction of 
bored piles. 
In addition, each pile will be preceded by a pre-drilling in order to confirm its depth and they will be 
instrumented with tubes for both CSL and interface coring for quality control. 
2.4 Reinforced concrete structures 
In general, the reinforced concrete structures are based on a structural grid of 8 x 8 m, and they are 
formed by a rectangular framing of slabs, beams and columns using Grade 40 concrete and Grade 
A400NR reinforcements. Moreover, for those parts of the structures immersed regularly under the sea, 
they will be properly protected with paints. 
Figure 4: Construction of bored piles over a temporary platform 
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Figure 5: General view of the Western Extension 
2.5 Steel roof structures 
It should be noted that there are a total of 21 different zones of steel structures supporting the metal 
roof systems of the Building. Figure 6 illustrates the steel roof structures as well as both the steel beams 
with multiple web openings and the steel trusses with open webs. Both the steel beams and the steel 
trusses are employed to support the long span roof systems for the Building, and they have been 
adequately assessed against various gravity and wind loads acting onto the structures.  
(a) Elevation of the Building showing the steel roof structures 
(b) Steel beams with multiple web openings (c) Steel truss with open webs 
Figure 6: General view of steel roof structures
Furthermore, all the steel members are protected with intumescent paints against a fire resistance 
period of 90 or 120 minutes. 
1128  JOSÉ SANTOS / Procedia Engineering 14 (2011) 1123–1131
3. Design and construction of the roof envelope 
In general, metal roof envelopes are widely considered to be highly cost effective when compared with 
traditional roof systems. They are light, wind resistant, water proof, durable, easy to clean and 
aesthetically pleasant. Moreover, they are able to provide a light structural solution for long span 
structures, and they usually require a short construction time. As Macau and Hong Kong are seasonally 
affected by typhoons, large rainfalls together with strong winds from time to time act coincidently onto 
the roof envelopes, and hence, the metal roof sheetings should be carefully designed to resist all these 
loadings. With correct design, production and installation, water tightness is often superior as long metal 
roof sheetings are laid with only side laps but without longitudinal joints. Drainage of rainwater is readily 
controlled in both direction and volume of flow. Moreover, insulation layers are fully incorporated into 
the roof systems. In general, only minimum maintenance work is needed if high quality metal alloy such 
as stainless steel is employed. 
3.1 Metal roofing system 
A metal roofing system is typically consisted of metal roof sheetings supported by purlins. The roof 
sheetings are made of stainless steel with a typical width of 460 mm while the purlins are made of cold-
formed galvanized high strength steel sections.  
3.2 Installation of metal roof sheetings 
Shown in Figure 7, the metal roof sheetings are rolled on site, right next to the location of installation, 
and they are lifted onto the roof for installation. 
During installation as shown in Figure 8, various layers of liner trays, moisture barriers, insulation 
materials and metal roof sheetings are installed in the correct sequence. Moreover, all the joints are firmly 
fastened to ensure good performance of the roof while the flashings are properly installed to ensure a 
correct wind seal and waterproofing. Meanwhile, inspection and testing are carried out regularly to ensure 
good quality of work. In general, in order to maintain long-term performance of the metal roof envelope, 
the metal roofing system, including the coatings of the metal roof sheetings, should be thoroughly tested 
and verified, and the contractors should be able to provide all the materials in full compliance to relevant 
specifications related to the systems. It is also essential to have the installation conducted and supervised 
by metal roofing experts, as shown in Figure 9. 
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4. Conclusions 
In this paper, a general introduction of the New Ferry Terminal in Taipa, Macau SAR is descried, and 
the scope of the extension works and the proposed facilities are also described. Some of the key design 
features of the Terminal Building are discussed, in particular, the Terminal Building, its deep foundations, 
its reinforced concrete structures, its steel roof structures as well as the design and construction of the 
metal roof systems. Owing to the scale of both the West and the North Extensions, the design and 
construction of the Extensions poses significant challenges to the designers. 
It is widely regarded that the use of modern metal roofing systems allows the designer to satisfy 
various requirements of modern architecture, in particularly, lightness, wind resistance and water proof. 
These systems provide advantages over traditional ones, such as small self-weights, large pitches, reduced 
slopes, multiple choices of finishing, colour and texture. Moreover, installation is highly streamlined on 
site, and hence, simple and fast. The designers should be familiar with the use of new technologies as well 
as new materials available in order to be able to provide optimum design schemes to clients. 
(a) Coils of metal sheetings  (b) A series of rollers 
Figure 7: On-site rolling of metal roof sheetings 
(d) Lifting of metal roof sheetings (c) Rolling of metal roof sheetings 
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(a) Installation of inner liner tray (b) Installation of outer metal roof sheetings 
(c) Complete metal roof system after zipping 
Figure 8   Site installation of metal roof system 
Figure 9: Metal roofing system under installation 
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